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Abstract
The rice field eel (
 
Monopterus albus
 
) is a fish of economic importance in China and some
Asian countries. From a (GT)
 
n
 
-enriched genomic library, 30 microsatellites were developed
by employing the fast isolation by AFLP of sequences containing repeats (FIASCO) proto-
col. Thirteen loci exhibited polymorphism with two to 13 alleles (mean 7.9 alleles/locus) in
a test population and observed heterozygosity ranged from 0.3125 to 0.9688 (mean 0.7140).
These loci should provide sufficient level of genetic variation to study the fine-scale
population structure and reproductive ecology of the species.
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The rice field eel (
 
Monopterus albus
 
), is the unique
representative of Symbranchidae, and which inhabits in
China, Japan and Southeast Asia. It is also one of the
economically important freshwater fishes in East Asia. In
China, the total of the rice field eel production reached
500 000 tons in 2005 (http://www.zghsw.cn). In this species, a
striking character is the strictly single-direction sex reversal
naturally from functional female to male during individual
development. Moreover, the male-female intersexual gland
can be found a long time during growth (Liem 1963, 1968;
Chan & Philips 1967; Yu & Cui 1994). These special characters
allow rice field eel to be one of the target species for study
of sex determination and differentiation (Zhou 
 
et al
 
. 2002).
As a result of overfishing and pollution, the fishery resources
of this species have declined in recent years in China (He
 
et al
 
. 2004; Yin 
 
et al
 
. 2005). For the purposes of conservation
and sustainable exploitation for the resources of rice field eel,
population genetic studies are necessary. There have been
some studies on genetic variation and population differen-
tiation in 
 
M. albus
 
 and related species using random amplified
polymorphic DNA (RAPD) (Liu 
 
et al
 
. 2005), isozyme (Yang
 
et al
 
. 2005) and microsatellite primers from common carp
(
 
Cyprinus carpio
 
) which is a distantly related species (Lu
 
et al
 
. 2005). To date there is no report about the isolation
and characterization of microsatellite loci in rice field eel by
screening a genomic library.
Microsatellites or simple sequence repeats (SSR) have
been widely used as DNA markers in population genetic
structure, parentage and kinship analyses because of their
high level of polymorphism and codominant Mendelian
inheritance (O’Connell & Wright 1997). Here we report
a batch of novel polymorphic microsatellites that are
potentially useful in genetic studies of rice field eel.
Genomic DNA for constructing a genomic library of
 
M. albus
 
 was extracted from muscle using a traditional
proteinase-K digestion and phenol–chloroform protocol
with RNase treatment. Genomic DNA for a test panel of 32
individuals was extracted using high-salt protocol (Salah
& Iciar 1997). These specimens were collected in Wuhan
(Hubei Province, China) for the test and characterization of
polymorphic microsatellite loci. An enriched partial genomic
library for the repeat motif (GT)
 
n
 
 was constructed essentially
following the fast isolation by amplified fragment length
polymorphism (AFLP) of sequences containing repeats
(FIASCO) protocol (Zane 
 
et al
 
. 2002) with some modifica-
tions (Zhu 
 
et al
 
. 2005). Enriched fragments were ligated into
pMD18-T vector (TaKaRa) and transformed into 
 
Escherichia
coli
 
 DH5
 
α
 
 cells. After polymerase chain reaction (PCR)
confirmation, 36 positive clones were sequenced using
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BigDye termination kit (PerkinElmer Applied Biosystems)
with the products being resolved on an ABI PRISM 3730
sequencer. Sequences were analysed for the repeat region
using software 
 
tandem repeats finder
 
 (Benson 1999).
The software 
 
primer 
 
3 (Rozen & Skaletsky 2000) was
then used to design 28 pairs of primers flanking the repeat
regions of interest.
PCR conditions were optimized for each pair of primers,
and the test of polymorphism was performed on 32
individuals of 
 
M. albus
 
. PCR amplifications were carried
out in 12.5-
 
µ
 
L volume on a PTC-100 thermocycler (MJ
Research), the mixture containing 1
 
×
 
 PCR buffer (10 m
 
m
 
Tris-Cl pH 8.3, 1.5 m
 
m
 
 MgCl
 
2
 
, 50 m
 
m
 
 KCl), 10–50 ng
genomic DNA, 0.2 
 
µ
 
m
 
 for each primer, 120 
 
µ
 
m
 
 dNTPs
and 0.5 U 
 
Taq
 
 DNA polymerase (Biostar). The amplification
profile was: a predenaturation at 94 
 
°
 
C for 300 s; 35 cycles
including denaturation at 94 
 
°
 
C for 30 s, annealling at 48–
65 
 
°
 
C (Table 1) for 30 s and elongation at 72 
 
°
 
C for 40 s; and
a final extension at 72 
 
°
 
C for 600 s. Amplified fragments
were size-fractionated on 8% or 10% nondenaturing
polyacrylamide gels running at 60 W for about 120 min.
Products were stained using ethidium bromide and
visualized with Ultraviolet Gel Document System (Tong &
Liao 2005; Zhu 
 
et al
 
. 2005). The analyses of polymorphism
including allele diversity, observed (
 
H
 
O
 
) and expected
heterozygosities (
 
H
 
E
 
), and the exact test for fitness to the
Hardy–Weinberg equilibrium (HWE) were performed
using 
 
arlequin
 
 software (Laurent 
 
et al
 
. 2006). Out of the 13
loci that were successfully amplified and shown to be
polymorphic in 
 
M. albus,
 
 the average number of alleles per
locus was 7.9, and the allele size ranged from 121 to 297
bp. These 13 microsatellite loci showed moderate to high
level of polymorphism in a test population of 
 
M. albus
 
, with
the 
 
H
 
O
 
 ranging from 0.3125 to 0.9688 (mean 0.7140)
Table 1 Characterization of 13 polymorphic microsatellites in rice field eel, Monopterus albus
Locus GenBank 
Accession no. Repeat motif Primer sequence (5′−3′)
Ta 
(°C) N
Size range 
(bp) HO HE P value 
Mal01 (TG)2CA(TG)4(TG)11 F: ATATTTGCAAGCGAGCCTGT 57 4 180–217 0.5625 0.6574 0.00307*
DQ987569 R: CTCTTCAATGCAGGCACAAA
Mal02 (AC)23 F: TTGAAGAGCTCCGAGAGCAG 55 8 135–186 0.6250 0.8244 0.03222
DQ987574 R: TTTGGTGCTGGAAAACTGGT
Mal03 (CA)10 F: CGGCAAGTACAGTCCAACCT 65 2 235–249 0.3125 0.4891 0.15531
DQ987575 R: TGCATCAGTGAAGTGCACAA
Mal04 (CA)21 F: CCACTGAGATTCACCCTCGT 64 10 165–244 0.9688 0.8636 0.03416
DQ987576 R: GCTCTGTCTGTGTCGTCTGG
Mal05 (GT)10 F: TATTTCTCCAAGGGCTGGTG 48 6 187–231 0.8750 0.8398 0.17109
DQ987579 R: ACACATGCACACAAACAGCA
Mal06 (GT)18 F: TATCAGTGGATCTGCCACCA 65 13 121–206 0.9063 0.9043 0.11683
DQ987580 R: CAGGAGAGTCACAGCCATAAA
Mal07 (CA)4(TA)6(CA)13 F: CCCATACAGACATTTGCCACT 55 12 171–251 0.8125 0.8978 0.10270
DQ987581 R: CCAGACAACCTCTTTCCACA
Mal08 (CA)6GA(CA)2 F: TAGCAGCCCAGGTGGTAACT 62 4 191–225 0.3438 0.5774 0.38785
DQ987582 R: AGGAATCAAGGTGCTGTTGG
Mal09 (TC)21(CA)20 F: GCCCAGATGATACAAGTC 55 12 195–279 0.8750 0.9162 0.19463
DQ987583 R: TGGGAGAAAGGAAGCACAAG
Mal10 (TC)10(AGG)6 F: GTGGGCCTTTATCTGCATGTG 62 8 195–263 0.7813 0.8343 0.11214
DQ987584 R: TGCTTGTCTGTCCCTTACGA
Mal11 (TG)11 F: GTGGGCCTTTATCTGCATGT 65 3 213–242 0.5625 0.5551 0.08117
DQ987590 R: CTGTCCCTTACGCACCTCTC
Mal12 (CA)11 F: TCTTCCAGTCACCAGCATCA 55 7 170–225 0.7500 0.8467 0.05132
DQ987591 R: TACTGTTGTCCCAGAGAGG
Mal13 (TG)19 F: CAGCAAAAGTAAAGCCGACTA 65 13 166–297 0.9063 0.9241 0.13689
DQ987593 R: TGTCGCATTTCTGCAAGTTT
Ta, annealing temperature; N, number of alleles; HO, observed heterozygosity; HE, expected heterozygosity; *indicated significant deviation 
from HWE after Bonferroni correction (P < 0.00385).
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(Table 1). Exact tests for HWE revealed that majority of these
microsatellites were in HWE, and only one locus (Mal01)
showed significant departure from HWE (P < 0.00385)
after Bonferroni correction, which may suggest population
subdivision or occurrence of null alleles in this locus as
heterozygote involving a null allele may be detected as
homozygote. All pairwise tests for linkage disequilibrium
among loci were nonsignificant after applying sequential
Bonferroni correction (P > 0.00597). These data illustrated
the potential utility of the microsatellites in population
genetics of M. albus. Our (GT)n-enriched library and derived
polymorphic microsatellite markers are the first to be
published in M. albus, and are ready for future studies on
genetic diversity, reproductive ecology and fine-scale
structure of natural populations.
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